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SPECIFICATION 

1. TITLE OF THE INVENTION 

METHOD FOR MANUFACTURING SINGLE CRYSTAL 

2 . SCOPE OF CLAIM FOR A PATENT 

1. A method for manufacturing a single crystal by 
using a crucible and a heating apparatus for melting^r into 
liquid, a solid crystal material in said crucible, the 
method comprising the steps of: 

continuously changing a relative positional 
relationship between said heating apparatus and said 
crucible while feeding the solid crystal material into said 
crucible, thereby solidifying the melted crystal material 
in said crucible from below: 

wherein the solid crystal material is fed to a 
vicinity of an inner wall of said crucible. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[Field of Industrial Application] 

The present invention relates to a method for 
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manufacturing a single crystal, and particularly to an 
improvement of a method for manufacturing a long 
large-diameter single crystal by continuously feeding a 
crystal material at a rate which is equal to that of 
crystallization based upon weight • 
[Prior Art] 

Conventionally, as a method for manufacturing a 
single crystal, the Bridgman technique is generally well 
known. According to this technique, a platinum metal 
crucible which is preliminarily charged with a material 
is suspended and lowered at a given speed in an electric 
furnace having a predetermined temperature distribution. 
In this manner, crystallization starts in a lower end of 
the crucible, and a single crystal is grown. This 
technique is utilized to easily manufacture a large crystal 
such as a magnetic material in particular. 

However, a disadvantage of this method lies in that 
compositional segregation of the grown crystal is large. 
This is because all the crystal material is cooled after 
being melted, and accordingly, compositions of a 
precipitated crystal and a remaining liquid of which 
boundary is a solid-liquid interface vary depending upon 
differences in precipitation temperature and solid weight 
of each compositional component. 
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In the case of a multicomponent crystal such as 
ferrite in particular, there is large compositional 
segregation between an upper portion and a lower portion 
of the crystal after manufactured, and there arises a large 
difference therebetween in physical property such as 
magnetic permeability. 

In view of the above, in order to eliminate such 
disadvantage, the following improvement has been carried 
out , 

According to this improved method, a solid crystal 
material is dropped and fed to a heated and melted liquid 
layer (hereinafter, referred to as a melt layer) at a rate 
which is equal to that of crystallization based upon 
weight . 

In this manner, it has been expected that since the 
amount of each compositional component in the melt layer 
can be kept constant, a single crystal having small 
compositional segregation can be obtained. 

However, the above improved method has a critical 
disadvantage that a large amount of platinum which 
constitutes the crucible is incorporated into a single 
crystal which is being grown. Accordingly, a high-quality 
single crystal cannot be obtained. 

This is due to the following reasons: 
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First, the platinum which constitutes the crucible 
is normally dissolved into the melt layer as a platinum 
ion. However, the solid crystal material is at relatively 
considerably low temperatures. Accordingly, when the 
material is continuously dropped and fed into the melt 
layer, the temperature of a periphery of the material drops 
sharply, and as a result, platinum particles are 
precipitated . 

In addition, since an outer wall of the crucible is 
heated, thermal convection is caused in the melt layer in 
a manner that the material rises in the vicinity of an inner 
wall having high temperatures, and that the material drops 
in a center portion of the crucible having relatively low 

temperatures . 

Here, the precipitated platinum particles are heated 

and remelted. However, the periphery of the platinum 

particles precipitated in the vicinity of the center 

portion of the crucible is at low temperatures as compared 

with that of the platinum particles precipitated in the 

vicinity of the inner wall. Therefore, it requires more 

time to heat and melt the platinum particles precipitated 

in the vicinity of the center portion of the crucible. 

Accordingly, the platinum particles precipitated in 

the vicinity of the center portion of the crucible are 
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carried into a solid-liquid interface by the thermal 
convection and incorporated into a single-crystal layer 
before they reach a melting temperature. 

Further, since the above solid crystal material is 
generally dropped and fed to the vicinity of the center 
portion of the crucible, the material moves in a direction 
which accelerates the speed of the thermal convection. 
Therefore, since the amount of time for the platinum 
particles carried by the convection to reach the 
solid-liquid interface becomes smaller, a time period 
during which the platinum particles are heated also becomes 
shorter accordingly. Therefore, a large amount of the 
platinum particles which cannot be remelted are 
incorporated into the single crystal layer. 

In view of these disadvantages of the conventional 
methods, it is an object of the present invention to provide 
a method for manufacturing a high-quality single crystal 
which is free of contamination by platinum, and which has 
small compositional segregation. 
[Means for Solving the Problems] 

According to the present invention, there is provided 
a method for manufacturing a single crystal by using a 
crucible and a heating apparatus for melting, into liquid, 
a solid crystal material in the crucible, the method 
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comprising the step of: continuously changing a relative 
positional relationship between the heating apparatus and 
the crucible while feeding the solid crystal material into 
the crucible, thereby solidifying the melted crystal 
material in the crucible from below: wherein the solid 
crystal material is fed to a vicinity of an inner wall of 
the crucible. 
[ Embodiment ] 

Next, an embodiment of the present invention will be 
described below with reference to the drawings. 

Fig. 1 shows an apparatus for manufacturing a single 
crystal which is used for a method for manufacturing a 
single crystal in accordance with one embodiment of the 
present invention . 

In Fig. 1, reference numeral 1 denotes a heating 
furnace. As shown in Fig. 2, this heating furnace 1 has 
a temperature distribution in which a temperature is at 
maximum at a center portion t in a vertical direction in 
the furnace, and in which the temperature becomes lower 
as the position becomes more distant from the center 
portion t in the vertical direction. In addition, a 
platinum metal crucible 2 enclosed by the heating furnace 
1 contains therein a single-crystal layer b in a lower 
portion, a melt layer c in an upper portion, and a 
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solid-liquid interface a which is a boundary between the 
single-crystal layer b and the melt layer c. More 
specifically, the center portion t having a maximum 
temperature in the heating furnace 1 is a region in which 
the solid crystal material is melted into liquid, and 
corresponds to the melt layer c. The single-crystal layer 
b is grown by moving the crucible 2 downward at a 
predetermined speed . 

A granular crystal material 3 is dropped from a 
material feeder 4 and fed to the melt layer c from above 
via a material feeding platinum pipe 5 at a rate which is 
equal to that of crystallization into the single-crystal 
layer b based upon weight. In this regard, according to 
the present invention, a lower end 6 of the material feeding 
platinum pipe 5 is formed into a bell-shaped double 
cylinder as shown in the figure or into a multif urcated 
cylinder (not shown) so that a drop opening 7 is positioned 
in the vicinity of an inner wall of the crucible 2. 
Accordingly, the granular crystal material 3 is dropped 
from the drop opening 7 and fed to the melt layer c in 
the vicinity of the inner wall of the crucible 2. During 
manufacture of the single crystal, the crucible 2 is 
simultaneously rotated and lowered by a crucible lifting 
and lowering apparatus 10 via a crucible support base 8 



- 7/10 - 



62-59593 



and a crucible support pipe 9. As a result, the solid 
crystal material 3 is fed to a circumference of a melt 
liquid surface in the crucible 2. The sold crystal 
material thus fed is melted into the melt layer. In this 
manner, a long crystal is obtained. 

Especially when a Mn-Zn-f errite single crystal is 
manufactured according to the above embodiment, a platinum 
density in the single crystal is substantially reduced to 
20 piece/cm^ as compared with a conventional case that a 
platinum density in the single crystal is approximately 
100 piece/cm^. Further, a high-quality single crystal 
which is substantially free of compositional segregation 
in a single-crystal barrel portion is obtained. 
[Advantageous Results of the Invention] 

As set forth above, according to the present 
invention, when the single crystal is manufactured by the 
Bridgman technique, the drop opening of the lower end of 
the material feeding platinum pipe is appropriately formed, 
and the solid crystal material is dropped in the vicinity 
of the inner wall of the crucible, and fed to the melt layer. 
According to the present invention, while the platinum 
particles are precipitated because of the drop in 
temperature of the periphery of the solid crystal material 
which drops into the melt layer, it becomes possible to 
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quickly remel t the precipitated platinum particles because 
of the high-temperature inner wall, and to prevent the 
platinum from being mixed into the crystal . 

Further, according to the present invention, drop 
motion of the solid crystal material toward the vicinity 
of the inner wall of the crucible counteracts the thermal 
convection moving upward in the vicinity of the inner wall, 
thus making it possible to reduce the convection speed. 
Accordingly, while the platinum particles are precipitated 
because of the drop in temperature of the periphery of the 
solid crystal material which drops into the melt layer, 
it becomes possible to delay the arrival of the 
precipitated platinum particles at the solid-liquid 
interface, and to prevent the platinum from being mixed 
into the crystal. 

In this manner, according to the present invention, 
it becomes possible to provide a high-quality single 
crystal which is substantially free of contamination by 
the platinum, and which has small compositional 
segregation . 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view showing an apparatus 
for manufacturing a single crystal which is used for a 
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method for manufacturing a single crystal in accordance 
with one embodiment of the present invention. 

Fig. 2 is a diagram showing a temperature 
distribution in a heating furnace of Fig. 1 in a vertical 
direction . 



1 • • • Heating Furnace 

2 • • • Platinum Liquid Crucible 

3 • • • Granular Crystal Material 
a • • • Solid-liquid Interface 

b • • • Single-crystal Layer 

c • • • Melt Layer 
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FIG. 2 
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